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ABSTRACT
In the preprint astro-ph/0411161 (hereafter G04b), the term
−(Ωr/c) sin θ′ cosΘ is missing in the equation (13) for cosψ. So, in this is
supplementary preprint I give the corrected expression for cosψ and the revised
derivation of aberration phase shift.
1. PHASE SHIFT OF RADIATION EMITTED BY A PARTICLE (BUNCH)
Consider the particle velocity given by
v = κc bˆ0t + vrot. (1)
By substituting for vrot (eq. 3 in G04b) into equation (1) we obtain
v = (κc+ Ωr sin θ′ cosΘ) bˆ0t + Ωr sin θ
′ sinΘ ǫˆ⊥ . (2)
By assuming |v| ∼ c, from equation (2) we obtain the parameter
κ =
√
1−
(
Ωr
c
)2
sin2 θ′ sin2Θ−
Ωr
c
sin θ′ cosΘ . (3)
Using the equations (3) and (4) given in G04b, we can solve for ǫˆ⊥ and obtain
ǫˆ⊥ =
Ωˆ× rˆ
sin θ′ sin Θ
− cotΘ bˆ0t . (4)
Let ψ be the angle between the rotation axis and v, then we have
cosψ = Ωˆ.vˆ = cos ζ


√
1−
(
Ωr
c
)2
sin2 θ′ sin2Θ−
Ωr
c
sin θ′ cosΘ


= κ cos ζ , (5)
where vˆ = v/|v|. For r/r
LC
≪ 1, it reduces to ψ ∼ ζ.
– 2 –
1.1. Aberration Angle
If η is the aberration angle, then we have
cos η = bˆ0t · vˆ = κ+
Ωr sin θ′ cosΘ
c
, (6)
sin η = ǫˆ⊥ · vˆ =
Ω r
c
sin θ′ sin Θ . (7)
Therefore, from equations (6) and (7), we obtain
tan η =
Ωr
c
sin θ′ sin Θ√
1− (Ωr/c)2 sin2 θ′ sin2Θ
. (8)
Hence the radiation beam, which is centered on the direction of v, gets tilted (aberrated)
with respect to bˆ0t due to rotation.
For Ωr/c≪ 1, it can be approximated as
tan η ≈
Ωr
c
sin θ′ sin Θ . (9)
1.2. Aberration Phase Shift
Consider Figure 5 (G04b) in which ZAD, ZBX, ZCY and DXY are the great circles
centered on the neutron star. The small circle ABC is parallel to the equatorial great circle
DXY. The unit vector bˆ0t represents a field line tangent, which makes the angle ζ with respect
to the rotation axis ZO. The velocity unit vector vˆ is inclined by the angles η and ψ with
respect to bˆ0t and ZO, respectively. We resolve the vectors bˆ0t and vˆ into the components
parallel and perpendicular to the rotation axis:
bˆ0t = sin ζ bˆ0t⊥ + cos ζ Ωˆ , (10)
vˆ = sinψ vˆ⊥ + cosψ Ωˆ , (11)
where the unit vectors bˆ0t⊥ and vˆ⊥ lie in the plane of small circle ABC. Next, by solving for
bˆ0t⊥ and vˆ⊥, we obtain
bˆ0t⊥ =
1
sin ζ
(bˆ0t − cos ζ Ωˆ) , (12)
vˆ⊥ =
1
sinψ
(vˆ − cosψ Ωˆ ). (13)
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By taking scalar product with bˆ0t⊥ on both sides of equation (13), we obtain
cos(δφ′
abe
) = vˆ⊥ · bˆ0t⊥ =
1
sinψ
(vˆ · bˆ0t⊥ − cosψ Ωˆ · bˆ0t⊥ ). (14)
Since Ωˆ and bˆ0t⊥ are orthogonal, we have
cos(δφ′
abe
) =
1
sinψ
(vˆ · bˆ0t⊥). (15)
Using bˆ0t⊥ from equation (12) we obtain
cos(δφ′
abe
) =
1
sinψ
(vˆ · bˆ0t − cos ζ vˆ · Ωˆ)
sin ζ
. (16)
By substituting for vˆ · bˆ0t and vˆ · Ωˆ from equations (6) and (5), we obtain
cos(δφ′
abe
) =
1
sinψ
(cos η − cos ζ cosψ)
sin ζ
. (17)
Substituting for η again from equation (6), we obtain
cos(δφ′
abe
) =
1
sin ζ sinψ
(
κ+
Ωr
c
sin θ′ cosΘ− cos ζ cosψ
)
. (18)
By substituting for κ from equation (5), we obtain
cos(δφ′
abe
) =
1
sin ζ sinψ
(
cosψ
cos ζ
+
Ωr
c
sin θ′ cosΘ− cos ζ cosψ
)
. (19)
It can be further reduced to
cos(δφ′
abe
) = tan ζ cotψ +
Ωr
c
sin θ′ cosΘ
sin ζ sinψ
(20)
Next, by taking a scalar product with ǫˆ⊥ on both sides of equation (13), we obtain
sin(δφ′
abe
) = vˆ⊥ · ǫˆ⊥ =
1
sinψ
(vˆ · ǫˆ⊥ − cosψ Ωˆ · ǫˆ⊥ ). (21)
Since Ωˆ · (Ωˆ× rˆ) = 0, from equation (4) we obtain
Ωˆ · ǫˆ⊥ = − cotΘ (Ωˆ · bˆ0t). (22)
We know from equation (10), (Ωˆ · bˆ0t) = cos ζ. Therefore, we have
Ωˆ · ǫˆ⊥ = − cotΘ cos ζ. (23)
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By substituting for vˆ·ǫˆ⊥ from equation (7), and for Ωˆ·ǫˆ⊥ from equation (23) into equation (21)
we obtain
sin(δφ′
abe
) =
1
sinψ
(sin η + cos ζ cosψ cotΘ)
=
Ωr
c
sin θ′ sin Θ
sinψ
+ cos ζ cotψ cotΘ . (24)
Thus, we obtain from equations (20) and (24):
tan(δφ′
abe
) =
(Ωr/c) sin θ′ sinΘ + cos ζ cosψ cotΘ
tan ζ cosψ + (Ωr/c)(sin θ′ cosΘ/ sin ζ)
. (25)
